Abstract-A multifunctional vitual power quality monitoring system is designed and implemented in LabVIEW environment. S-transform is introduced and applied to perform time-frequency analysis on power quality disturbances. The root mean square(RMS) value, the waveforms of three-phase voltage and current, the harmonic components, the total harmonic distortion(THD) and Stransform analysis waveforms of the three-phase voltage and current signals can be calculated and displayed in the system. Furthermore, the remote transfer of measured results is implemented using the AppletVIEW Toolkit in LabVIEW adopting a B/S framework. Measurement results show the feasibility and validity of the system.
INTRODUCTION
Rapid growth in the industrial and civil electrical power load and the applications of various electrical and electronic equipment have been witnessed during the last years. With the surge of the total number and capacity of the nonlinear, fluctuating and striking loads, the power quality(PQ) pollution is becoming more and more serious a problem, and has been a great threat to the safety of electric power systems and the national economy as a whole [1] . Hence, developing a new modern monitoring system which integrates the effective measurement, control, communication and supervision of PQ is important.
Traditional methods of monitoring PQ employ PQ analyzers or software packages such as Matlab. However, these methods usually do not have powerful graphical programming capabilities and network functions for remote monitoring and control [2] . This paper presents a novel approach using a virtual instrument (VI) system with data transfer ability to perform PQ measurement based on the Stransform.
The S-transform is a powerful signal processing technique, which exploits the possibility of better timefrequency representation of a signal [3] . It can be regarded as an extension to the wavelet transform and short time Fourier transform. S-transform is fully convertible from the time domain to two-dimensional(2-D) frequency translation domain and to then well known Fourier requency domain [4] . Meanwhile, it has the ability to detect the disturbances correctly in the presence of noise. These advantageous properties of the S-transform can provide significant improvement in the detection of PQ disturbances.
The virtual instrument system is designed and implemented in the LabVIEW environment [5] . The root mean square(RMS) value, waveforms of three-phase voltage and current, harmonic components, the total harmonic distortion(THD) and S-transform analysis waveforms of the three-phase voltage and current signals can be calculated and displayed in the system. A B/S network scheme is adopted for data transfer, which is implemented using the AppletVIEW toolkit in LabVIEW. This data transfer option enables remote monitoring via the Internet Explorer. Experimental measurement results show accurate and stable monitoring performance of the system.
II. THE S-TRANSFORM AND ITS ANALYSIS RESULTS

A. The S-transform
The S-transform intruduced by Stockwell and other scholars [6] , has good time-frequency analyzing ability. It performs multiresolution analysis on a time varying signal using a Gaussian window whose width and height vary with frequency, resulting in high time resolution at high frequency and high frequency resolution at low frequency. This property of S-tranform can provide significant improvement in the detection and localization of PQ disturbances transients [7] [8] [9] .
The discrete S-transform can be computed efficiently by taking the advantage of the Fast Fourier transform (FFT). Let x(kT) k=0,1,2,…, N-1 denotes the sequence of samples of a continuous time signal x(t), with a sampling interval of T. The discrete S-transform of the discrete time series x(kT) is given by [6] Equations (1) to (3) show that the output of the Stransform is a 2-D matrix called the S-matrix whose rows pertain to frequency and columns to time. Each element of the S-matrix is complex valued. The S-transform plays a very important role in extracting time-frequency features of the signal.
B. Results of PQ analysis using S-transform
PQ analysis comprises various kinds of electrical disturbances such as voltage sags, swells, momentary interruptions, harmonic disturbances, and oscillatory transients, etc. Using the time-frequency property of the Stransform, the above PQ disturbances are analyzed and detected. For simplicity, only two disturbance signals (voltage sag with harmonics and voltage swell with harmonics, both with white noises) and their S-transform analysis results are shown in Figs. 1-2 . These simulation signals are generated in Matlab®, and the SNRs of the noises are both 30dB. The sampling frequency is 5.12kHz. Fig. 1(a) is the time-level curve of the voltage sag signal with harmonics. Fig. 1(b) represents the time-magnitude envolope curve of the S-matrix. From the figure, it can be seen that the S-transform locus shows a magnitude sag when the voltage sag happens with good localization of time, and the disturbance can thus be detected. In Fig. 1(c) , the frequency-magnitude envolope curve is shown, which shows a number of local maximum at frequencies besides the fundamental frequency, clearly indicating the harmonic components. Hence. Fig. 1 gives all the necessary time and frequency information for detecting the voltage sag as well as the presence of harmonics.
Similarly, Fig. 2 
III. DESIGN OF POWER QUALITY MONITORING SYSTEM
USING LABVIEW The proposed method was implemented and integrated into our new virtual instrument developed in LabVIEW®. The PQ measures such as RMS value, harmonic parameters, THD and S-transform analysis results of three-phase voltage and current signals are calculated and displayed in the system. The overall block diagram of the virtual PQ monitoring is shown in Fig. 3 . The system consists of the conditioning circuit, the data acquisition component, the processing computer, etc. Voltage and current signals in the power network are converted to 0~100V voltage and 0~5A current through voltage and current transformers, and are then forwarded to the conditioning circuit, where preprocessing of the signals are performed. These signals are finally transformed into -5~5V voltage signals as system input and are fed into the data acquisition card PCI-6221 for A/D conversion. The converted digital signals are afterwards analyzed, computed, and output by the computer Fig. 3 Block diagram of the system The central component of the system, the system software, was completely implemented using the LabVIEW graphical programming language. The software can be divided into four main modules, being the data acquisition card driving program, data acquisition program, PQ measuring program, and PQ analyzing program. The data acquisition card driving program and data acquisition program execute continuous data acquisition of the voltage and current signals to be measured, and the PQ measuring program and analyzing programs carry out computation of statistics, analysis, displaying, storing and transfer of the measured signals.There are also some other auxiliary modules, such as the storing module, which stores all the data into a database, and the remote transfer module adopting the distributing tool AppletVIEW in LabVIEW to transfer measurement results to remote stations in B/S mode. The block diagram for the software system is shown in Fig. 4 . Fig. 4 Block diagram of the system software Measurement results of PQ monitoring system are displayed on the VI panel of the system. For example, the waveform display window is shown in Fig. 5 . Once an option is chosen in the combo-box in the left, the corresponding results will then be displayed in the right. For convenient remote monitoring and control, a remote data transfer module adopting B/S framework is implemented using AppletVIEW, the network distributing tool in LabVIEW. A client program is also developed using the tool. The combination of AppletVIEW and Java & TCP/IP enables users to interact with remote LabVIEW programs via network browsers such as Internet Explorer free from plug-ins, security setting up, and extra download and license. The virtual instrument system, standard Web server, and Web browser are thus incorporated to form a single system. The Java applet used by AppletVIEW is compatible to Java 1.1 standard, and can be run in any browser supporting the standard. The Applet Builder in AppletVIEW package generating the instrument interfaces can embed the Java applets created by LabVIEW VI panels into Web pages, resulting in virtual instruments in B/S mode.
Besides, Applet Builder requires Java 1.4 JRE runtime environment, which means that a Java 1.4 Runtime should be installed at the server end. By incorporating the proxy functions of AppletVIEW in LabVIEW platform at the server end, multi-user situations can be handled more elegantly.
Our system is implemented using LabVIEW 8.2 and AppletVIEW 4.1. The remote measurement and control system program, PQ.vi, is coded in LabVIEW. Run PQ.vi, start AppletVIEW Server, and then start Applet Builder, PQ.viml and corresponding HTML code are created in Applet Builder. Save the HTML code in an html file, and refine the page in FrontPage or other Web page design software.
When PQ.vi is opened and AppletVIEW is started at the server end, remote clients can easily actualize remote monitor through a browser.
V. CONCLUSIONS
This paper presents a new method for analyzing and monitoring PQ. It can measure and display RMS value, waveform of three-phase voltage and current, harmonic component, THD and S-transform analysis waveform of three-phase voltage and current. The virtual PQ monitoring system designed in this paper is of the following advantages: the simplicity of the system hardware, user-friendly interfaces, easy-to-use options, continuous or timed monitoring voltage and current signals in power systems. In addition to the functions of traditional PQ analyzers, further software implementation enables the remote transfer, waveform display, numeric display and storing of the measurement results of voltage and current signals. The application results show the feasibility and veracity of the system. By sufficiently exploiting the capabilities of the latest computer technologies and measurement/control technologies, virtual instruments realize and enrich the functions of traditional instruments. PQ monitoring system based on virtual instruments is now an obvious development direction.
